Background. As the public sector and civil society develop intervention programs to deal with the HIV/ AIDS epidemic, there has been an increasing emphasis on the relationship between nutrition and the disease. Drug interventions may be ineffective, and the progression from HIV infection to full-blown AIDS may be accelerated without adequate nutrition. Mozambique is still fighting an increasing prevalence rate of HIV, including in rural areas. Rural households in Mozambique rely heavily on their own agricultural production for the basic macronutrients.
Background
As the HIV/AIDS epidemic results in more deaths in southern Africa, there remain major challenges in determining the best course of action. In light of the new drug-delivery programs, nutritionists highlight the need for adequate nutrition of those taking the drugs and for those infected who are not yet using the drugs. While the debate continues about what "adequate nutrition" might be in the face of this disease, there is consensus about the need for all HIV-infected people to obtain sufficient food to meet their energy, protein, and fat needs. * In the June 2006 United Nations General Assembly Special Session dedicated to HIV/AIDS (known as UNGASS), Article 28 was approved, which "highlights the essential role of food and nutrition in a comprehensive response to HIV/AIDS" [1] . In Mozambique, an estimated 55% of the rural population live below the absolute poverty line, and 38% of children under five are malnourished (based on a measure of stunting) [2] , which clearly indicates problems with obtaining adequate nutrition.
There is a growing body of literature on the potential and observed impacts of HIV/AIDS on agricultural production and on incomes in sub-Saharan Africa [3] . The research indicates that for some households, especially those losing adult male heads of households, HIV/AIDS can have significant negative effects on agricultural production. Although the relationship between food production and food consumption and nutrition is not always direct, own-crop production plays a key role in ensuring household consumption in rural Mozambique, and declines in crop production translate into lower household consumption. Previous research indicates that households rely on home crop production for up to 60% of basic food-consumption needs [4] . Alasia and Soregaroli [4] used data from the 1996 national household survey, Inquérito Nacional aos Agregados Familiares (IAF 1996) to estimate the value of total household consumption of food from all sources, considering total expenditure on food. They found that for rural households only about 23% of total maize expenditure was purchased from the markets, with the remainder from own-production, gifts, inkind labor payments, and food aid. Only 17% of tuber expenditures came from the markets, and for beans 31% of expenditures were in markets, based on averages across the provinces for rural populations. Clearly, the importance of own-production as compared with market purchases and other sources varies by region and commodity. Own production accounted for up to 58% of total household food expenditures in rural households in Gaza Province, yet only 10% in rural households of Zambezia Province, a province in which "other sources" (not market purchases) provided 57% of food consumption expenditures [4] .
Looking more carefully at the sources of macronutrient supplies in a study in the mid-1990s, Rose et al. [5] found in northern Mozambique that households varied their sources of basic staples depending on the season, but that overall, more than 90% of the quantity of maize consumed came from own-production in one district (Montepuez), whereas about 76% came from ownproduction in the area of Meconta/Monapo. Maize is important because it provided between 42% and 47% of all calories consumed in these households. Maize combined with beans, cassava, and groundnuts accounted for about 86% of caloric intakes in Montepuez and 88% in Monapo/Meconta [5] . This study highlights the role of consumption from own-production, but it was focused on two limited geographic areas in the north and thus cannot address nationwide concerns.
The analyses conducted by Rose et al. [5] and by Alasia and Soregaroli [4] are based on surveys conducted in 1996/97, and it is likely that both production and markets have changed since those surveys. However, as recognized in the most recent Vulnerability Assessment Report for Mozambique, home production of basic food staples underlies household food security for most rural Mozambicans, and the lack of stocks from own-production is used to indicate food-security risks even where purchased food is important [6] .
For this research, households that had been directly affected by the illness or death of an adult member in the prime income-earning age group from 15 to 49 years were classified as "affected households." Households that had not suffered such a direct loss recently were considered "nonaffected households," even though they might have taken in orphans or been otherwise affected by the epidemic. With the use of this classification, if affected households produced less in 2002, it was indicative that they were probably consuming less, unless other food sources or interventions met those needs. If in 2005 they were producing less without increased incomes, it suggests that these households saw longer-term effects without recuperation, such that interventions to increase food access and utilization continued to be needed. Both households with adults who are ill and households who have already lost an adult to disease are targeted for interventions by international and national agencies and local organizations. A recent workshop held in Lusaka, Zambia [7] , highlighted the need to improve the productivity of rural households, including those affected by the epidemic, in order to increase the resiliency of all households to shocks. A key question arises as to whether interventions to increase basic food supplies through productivity enhancements or through food aid for the household should be part of the intervention package recommended and whether those interventions are needed over time.
Objectives
This research used panel data to evaluate the extent to which household production of basic staples might be able to meet overall household needs of three macronutrients: energy (in kilocalories), fats, and proteins. We compared households that had been affected by adult death or illness with households that had not been directly affected [8] . We also looked to see whether the affected households were able to recover production when compared with nonaffected households, and whether affected households might be able to use higher incomes to compensate for lower own-production of macronutrients.
Methods

Data
In 2002, the Mozambican Ministry of Agriculture (MINAG), in collaboration with the National Institute of Statistics (INE), conducted a survey of rural households known as the Trabalho do Inquérito Agricola (TIA 2002) [9] . That survey included information on chronic illness and death in the households [10] . A sample of 4,908 rural households was drawn using a S333 Adequacy of rural Mozambican macronutrient production and HIV/AIDS stratified, clustered design that was nationally representative. In 2005, the same households were included in a new TIA (TIA 2005) [11] , along with new households to complete the representative design. Both surveys covered crop production and income sources, as well as demographic sections, which recorded the socioeconomic characteristics of each current member of the household and used recall information to document the incidence of death and serious illness within the household. Attrition is always of concern with panel data sets. Of the 4,905 households visited in the 2002 survey, a total of 4,104 (84%) were able to be reinterviewed. In addition, we excluded all households from districts that had no adult illness or death in the 2002 survey to ensure comparability of the nonaffected households (table 2), leaving a total of 3,406 households for analysis. We identified the households with a death or illness of an adult in TIA 2002 and then followed those households. The results were compared with those from households that had no death or illness in TIA 2002 and no deaths in the 3 years afterwards as covered by TIA 2005.
Although the research sought to look at HIV/AIDS and its impacts, biophysical tests were not performed nor were medical diagnoses available for those persons who died to specifically identify HIV and AIDS in households. Instead, a proxy method was used, based on lay description of the basic cause of death or of serious illness. This analysis is focused on the illness and illness-related death of prime-age adults, i.e., those between 15 and 49 years of age. Epidemiologists indicate that in this age range in areas with relatively high prevalence rates, chronic illnesses and deaths from illness are highly likely to be related to HIV/AIDS. At the very least, this research reflects the conditions of households with adult illness and death. While we recognize that the effects of HIV/AIDS may reach many households in a community or extended family [12] , we focus here on the households directly affected by these adult illnesses and deaths.
In the analysis we selected the following agricultural commodities: maize, millet, sorghum, rice, cassava, Irish potatoes, sweet potatoes, beans, and groundnuts. Wheat is excluded here, since most rural consumption of wheat products derives from market purchases or aid. Livestock products were not included in the macronutrient analysis because of the lack of full information on them, so we focus on the macronutrients the selected commodities generally are known to provide for consumption. Using total availability estimates, the Food and Agriculture Organization (FAO) [13] determined the average sources of dietary energy, protein, and fats for selected periods between 1969 and 2003 for Mozambique. FAO estimates show that the food commodities included here supplied an average of over 70% each of dietary energy and dietary protein. For fats, these products represent about 25% of the dietary sources. A detailed consumption analysis from farming households in northern Mozambique in 1996/97 showed that only four foods (maize, cassava, beans, and groundnuts) accounted for up to 88% of caloric intake [5] . Thus, the nine commodities included here are important commodities in nutrition, particularly as sources of macronutrients. FAO [14] indicates that the recommended kilocalorie consumption for an active 65-kg man in the adult age range is 3,000 kcal/day/adult equivalent. For proteins and fats, we used the quantities indicated by FAO guidelines for an active man: 48 g/day/adult for fats, [15] and 49 g/day/adult for protein [14] . Although there is controversy and continued debate about the requirements, they provide at least basic guidelines by which to assess adequacy.
Household adult equivalents were estimated separately for each year of the survey based on the age and sex of each household member present and the estimated consumption needs for each individual, using a methodology found in Deaton [16] and consumption needs identified by FAO [14] and the World Health Organization (WHO) [17] . There are energy consumption equivalents (often simply called "consumption adult equivalents") and protein consumption equivalents. Summing up across members gives the number of consumption adult equivalents in each household and thus provides a way to compare households of different size and composition. Protein adult equivalents were estimated in a similar fashion, with 49 g of proteins for an active adult man. For fats, since the requirements are based as a percentage of energy requirements, we used the energy consumption adult equivalents in estimations.
Household income was estimated for each year of the survey based on salaried income, wage labor, value of in-kind payments for labor or land, value of remittances, value of crop sales and of crop production for household consumption, value of livestock sales, and income from off-farm activities such as petty trading and handicraft sales. The prices were adjusted for each year to control for inflation and regional differences.
The research followed the guidelines for Human Research Protection of Michigan State University, as approved by the university's institutional research board.
Analytical methods
Following earlier work on TIA 2002 [9] , this work used descriptive analysis and compared households based on their characteristics. Production of macronutrients was not evaluated in that earlier analysis, but here it was found to be highly variable across households. Macronutrient production in TIA 2002 and TIA 2005 was not normally distributed, and the common log transformation does not resolve the non-normality problems for all nutrients. For some subsamples that S334 C. Donovan and J. Massingue had fewer than 50 cases, we used medians to indicate the central tendencies of the data. Population weights were applied to estimate the medians, and hypothesis testing was conducted by nonparametric methods.
After initial descriptive analysis, we compared the medians at each point in time to assess whether the affected households were producing as many macronutrients as nonaffected households in each year. Production of significantly fewer macronutrients than the nonaffected group would be an indicator that interventions to increase macronutrient availability in the households might be important for the affected households as a group. The households were then evaluated according to income quartile to see whether affected and nonaffected households with low macronutrient production might still be in the higher income quartiles and able to purchase macronutrients from the market.
This preliminary research was concerned with ex post outcomes and needs; the mechanisms by which the affected households might differ from nonaffected households were not identified here, but future research will include multivariate evaluation of farm and offfarm income, as well as potential cropping changes, to further our understanding of the dynamics of households in the face of adult illness and death.
Results
Earlier results [9] showed that the incidence of adult death in rural areas was higher in the Center and in the South, as seen in table 1. These were the areas with higher HIV prevalence rates in 2004 [18] , although the prevalence rates given in table 1 combine rural and urban areas within the regions. As shown in the table, about 6% of rural households experienced either chronic illness of a prime-age adult in the previous year or death of a prime-age adult in the previous 3 years in TIA 2002.
As expected, due to different agroclimatic conditions as well as livelihood patterns, the median household production of macronutrients per adult equivalent varied significantly by region of the country for all three types of households (table 2) . Thus, the remainder of the analyses were conducted separately for the three main agroecological regions of the country. Furthermore, men and women often have different responsibilities within the cropping system, so that crop declines may be related to who is ill or who has died, as well as who is left in the household. We had too few cases to differentiate households by both gender of the deceased and gender of the household head within each region, and so we evaluated the data on the basis of the gender of the ill or deceased person in the household. Multivariate analysis in the future will help to sort out these issues, but for now our interest is in a direct comparison between households that have suffered the illness or loss of an adult and other households that have not been directly affected by such stresses.
In table 2 , the production of kilocalories by each type of household for each region is presented. Comparison of the levels of coverage of requirements in each period is useful to understand whether affected households changed in comparison with the control group over the period. The cropping year 2001/02 was a fair but not 
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Adequacy of rural Mozambican macronutrient production and HIV/AIDS excellent year for agricultural production, and in many cases households produced 50% or more of needed macronutrients. In 2005, some areas experienced drought or erratic rainfall, as indicated by Famine Early Warning System Network (FEWS NET) reports [19] . A decline in median production levels from 2002 to 2005 would be expected, and the median production of almost all macronutrients by nonaffected households declined in each region. The key to this work is to distinguish the extent to which the production of macronutrients by affected households differed from that of the nonaffected households in their regions. By comparing affected and nonaffected households in those same areas, we can evaluate whether a decrease or increase in production was due simply to better weather conditions or to other factors experienced by all households in a region. In addition, looking at the income levels, we assess whether there are indications that affected households had access to sufficient income to compensate for lower home production.
In the North, where consumption from own-production is critically important, all households, including those with adult deaths or illnesses identified in TIA 2002, were able to meet a high percentage of their needs for kilocalories, proteins, and fats with their production from the 2001/02 crop year (table 2). Although the median coverage of macronutrient needs was often higher in nonaffected households in TIA 2002, the differences were not significant because of variability among households. However, households with a female illness or death produced significantly less of the macronutrients than nonaffected households, reflecting the importance of women in the production of food staples. In most households, the coverage of 1 and 2 , incomes in the North showed a sharp decline from 2002 to 2005 for households with a male illness or death in TIA 2005, suggesting that the affected households were not likely to have had additional income to compensate for lower own-production.
In the Center, the median production of macronutrients in 2001/02 was generally less than in the North, as expected. For example, nonaffected households in the Center met 68% of their kilocalorie needs in 2002, as compared with 90% in the North in that same year. However, within the Center, the percentage of macronutrient needs met by affected households in TIA 2002 did not vary significantly from that of nonaffected households. Incomes were lower for all households in the Center than in the North and South in TIA 2002.
In TIA 2005, all households produced lower amounts of the macronutrients. The median income for all the affected households was lower than that for the nonaffected households by 2005, suggesting that incomes over time were negatively affected compared with nonaffected households in the Center, even while the affected households produced quantities of macronutrients that were similar to those produced by other households.
In the South, we found strong differences in macronutrient production between affected and nonaffected households. Households with a male death did not produce significantly less macronutrients than the nonaffected households in 2001/02. Households with a male illness or death had a higher median production of macronutrients in the early period, possibly tied to higher ex ante assets and production capacity. There was high variability in incomes in TIA 2002, and households with a female death had higher median incomes than nonaffected households. By 2004/05, production of all macronutrients was significantly lower in the affected households than in the nonaffected households. Based on median production, households with a male death met only 13% of kilocalorie production needs with the basic staples in 2005, as compared with 47% in 2002. During this same period, production in nonaffected households went from a median of 34% of kilocalorie requirements to 28%. There was also a dramatic difference in median income between nonaffected and affected households. With lower incomes and the low percentage of macronutrient needs met in the South, interventions to increase food availability in the households may be important to make up the gap between needs and household production. The fact that households with a male death or illness in the earlier period had significantly lower macronutrient production in TIA 2005 suggests that short-term interventions will be insufficient.
Conclusions
In Mozambique, the majority of rural households rely heavily on their own production for food consumption. In view of this subsistence agriculture, evaluating the relationship between production of the basic macronutrient staples and the requirements within the household shows the degree to which households may be struggling to meet needs. The research presented here indicates that affected households produced macronutrients at lower overall levels than nonaffected 
S337
Adequacy of rural Mozambican macronutrient production and HIV/AIDS households, especially in periods after initial stress, although the results were variable and differences were often not statistically significant. In selected cases, production was even higher than for nonaffected households, particularly in the early period, a result that may reflect the ex ante position of the households in terms of wealth and production.
Three years after the identification of illness or death in the household, affected households were producing lower percentages of their own consumption needs than nonaffected households, and there are indications that incomes did not increase to cover the increased need to purchase from the market. Particularly in the South, households affected by a male illness or death were producing substantially less of the basic macronutrients than households in other parts of the country and were more likely to be in the lower income quartiles.
Future research will seek to assess what happened to the income and production systems of these households in order to understand access to food more fully. Econometric methods will be used to look more closely at the relationships between the impacts of HIV/AIDS, production, and incomes. Further analysis of the most recent IAF may shed more light on current consumption behavior among rural populations in different areas of Mozambique, highlighting the relative roles of purchased and home-produced foods. Distinguishing between the impacts of illness and death in future work will be valuable, although as knowledge of AIDS increases, households may take actions during the illness period in preparation for a death, making the distinction between the effects of illness and death less clear. Regardless of differential impacts of illness and death, if households under stress do not have additional income and yet have declining own-production, these affected households will need to have access to additional food supplies. However, targeting these households has the potential to increase the risk of stigma and will need to be assessed. Addressing needs on a community basis, highlighting the most vulnerable, regardless of illness and death, may be the best way to address potential food-access problems. In years with inadequate rainfall, such as 2005, and in a country with high levels of poverty and malnutrition, both affected and nonaffected households must deal with the lack of sufficient macronutrients from own-production, so that community-level interventions may be needed rather than interventions targeting specific households.
